A rhodamine B derivative containing 1,2,4-triazole as subunit was characterized as an "off-on" type Cu 
Introduction
The detection of heavy transition-metal ions has attracted a lot of interest recently.
1−3 Among them, copper is an essential trace element in both plants and animals, including humans. Deficiency and excess of copper could cause serious imbalance of human body functions, which damage the human brain and multiple systems.
4−7
Therefore, the development of methods for easy detection of Cu 2+ is of great importance for the environment and human health. Compared with the conventional methods for detecting Cu 2+ , such as atomic absorption spectrometry (AAS), inductively coupled plasma-atomic emission spectrometry (ICP-AES), and inductively coupled plasma-mass spectroscopy (ICP-MS), fluorescence spectroscopy displayed high selectivity and sensitivity, was easy to operate, and had low detection limits. In addition, the equipment of detection was simple without complex multistage sample preparation.
8−12
The property of the probes was determined by the fluorophore and recognition site. It is well known that rhodamine B was always chosen as fluorophore because of its unique structural characteristics and photophysical properties, that is, it appeared colorless and nonfluorescent in spirolactam form, but displayed remarkable color change and fluorescence in the ring-opened amide.
13−17 The selectivity and sensitivity of a probe was mainly decided by the recognition sites. 1,2,4-Triazole has lone electron pairs on N, which provide good coordination property to metal ions, and several 1,2,4-triazole containing host compounds have been synthesized for the detection of Cu 2+ . 13 According to the soft-hard acid-base theory, S shows good affinity to Cu 2+ , and so a -SH group was introduced in the system to improve the coordination ability of probe P. Furthermore, the * Correspondence: jun zh1979@163.com semirigid property of 1,2,4-triazole containing complex could effectively chelate Cu 2+ according to the ionic radius and also limit the geometric structure of the complex. In the present work, a Cu 2+ -selective fluorescent probe derived from rhodamine B containing 1,2,4-triazole as subunit was proposed ( Figure 1 ). Its application for imaging Cu 2+ in living cells was also described. 
Results and discussion

Effect of pH on P and P with Cu
2+
The pH dependence of the fluorescence intensity of P and the P-Cu 2+ system is shown in Figure 2 . The results revealed that the fluorescence of the free P could be negligible; however, a significant fluorescence enhancement was observed upon the addition of Cu 2+ , which was attributed to the opening of the spirolactam ring of the rhodamine unit. These data demonstrated that P could work within a wide pH range of 5.8-8.4, which made it possible for the detection of Cu 2+ under physiological pH conditions. To exclude the influence of acidity on the test, pH 7.0 was fixed in the further research. 
Uv-vis spectral response of P
In the UV-vis spectrum of P, the absorption with various metal ions was recorded in ethanol-water solution (9:1, v:v, pH 7.0, 20 mM HEPES) ( Figure 3 ). The results showed that a peak at 556 nm appeared with the addition of Cu 2+ , and the colorless solution of P was changed to an intense pink due to the spirolactam ring opening of the rhodamine unit. Hg 2+ and Ni 2+ had negligible interference, while other metal ions, such as
, and Cr 3+ did not show any influence on the absorbance of P under identical conditions.
Fluorescence spectral response of P
The fluorescence property of P was measured to investigate the probe's selectivity in ethanol-water solution ( One challenge for the probe is to obtain a specific detection system for Cu 2+ over a wide range of potentially competing ions, since the system might show cross-sensitivity toward other metal ions. Therefore, the competition experiments were conducted in the presence of 1 equiv. of Cu 2+ mixed with 5 equiv. of other metal ions as mentioned above. No significant variation in fluorescence intensity was found by comparison with the same amounts of Cu 2+ solution without other metal ions, and the relative error was less than ±5% ( Figure   6 ). For probe P, cross-sensitivity to the other metal ions was not observed, while an excellent selectivity toward Cu 2+ was exhibited. Thus, it indicated that the probe P was a Cu 2+ -specific fluorescent probe.
The proposed reaction mechanism
The Job's plot was drawn to prove the complex ratio of P with Cu 2+ (Figure 7 ). Total concentration of P and Cu 2+ was kept at a fixed 50 µ M. The results showed that the maximum fluorescent emission intensity of P-Cu 2+ complex appeared at 0.5, which indicated that a P-Cu 2+ complex was formed in 1:1 mole ratio. To further understand the reaction mechanism of probe P to Cu 2+ , EDTA titration experiments were conducted to examine the reversibility of the probe P with Cu 2+ (Figure 8 was a reversible process. According to the experimental results, the reaction mechanism was proposed as shown in Figure 9 . 
Preliminary analytical application
To further demonstrate the practical applicability of the probe P, confocal microscopy experiments were further carried out, and the fluorescence images of HepG2 cells were recorded before and after the addition of Cu
2+
( Figure 10 ). The cells incubated with P for 30 min at 37
• C showed very weak fluorescence, as shown in Figure   10a . When cells stained with P were incubated with CuCl 2 (1 µ M), the color of the HepG2 cells showed significant changes (Figure 10b ). The bright field images of Figure 10a and Figure 10b were shown as Figure  10c and Figure 10d , and the shapes of cells indicated that P has low toxicity. These results suggested that probe P can penetrate the cell membrane and might be used for detecting Cu 2+ in living cells.
In conclusion, a novel Cu 2+ -selective rhodamine B fluorescent probe containing 1,2,4-triazole as subunit was constructed. Cu 2+ could induce spirolactam ring opening of the rhodamine unit and achieved an "off-on"
effect. The probe P can detect as low as 2.3 × 10 −7 M Cu 2+ . In addition, the probe P was successfully used to detect Cu 2+ in living cells.
Experimental
Reagents and instruments
All reagents and solvents are of analytical grade and used without further purification. The metal ions and anions salts employed were NaCl, KCl, Fluorescence emission spectra were conducted on a Hitachi 4600 spectrofluorometer. UV-Vis spectra were obtained on a Hitachi U-2910 spectrophotometer. Nuclear magnetic resonance (NMR) spectra were measured with a Bruker AV 400 instrument and chemical shifts are given in ppm from tetramethylsilane (TMS). Mass spectra (MS) were recorded on a Thermo TSQ Quantum Access Agilent 1100.
Synthesis of compound P
Compounds 1 and 2 were synthesized as reported. 
General spectroscopic methods
Metal ions and chemosensor P were dissolved in deionized water and DMSO to obtain 1.0 mM stock solutions, respectively. Before spectroscopic measurements, the solution was freshly prepared by diluting the high concentration stock solution with the corresponding solution. For all measurements, excitation/emission slit widths were 5/10 nm and excitation wavelength was 550 nm.
